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• WHEN A CAPACITOR is connected 
into a circuit, some type of connecting wires 
must be used. These wires will have capac¬ 
itances to each other and to other parts of 
the circuit, with the result that the capaci¬ 
tance actually introduced into the circuit 
is ditTerent from that of the capacitor alone. 
Even when one capacitor is substituted for 
another, using exactly the same leads, the 
capacitance of these connections may be 
different in the two cases, particularly if the two capacitors dilfer in 
size and shape. Such connection errors, while negligible in many ca.ses 
involving large capacitances, become of importance in the measure¬ 
ment and intercomparison of small capacitances and of standards. 

How many dilTerent types of connection capacitances are there and 
what are their magnitudes? An actual example will serve to illustrate 
them. Suppose that two Type 722 Precision Condensers are to be con¬ 
nected together. With their panels touching, their terminals are three 
inches apart. Let these ter¬ 
minals be comiecteil by two 
No. 16 bare copper Avires 
spaced % of an inch apart 
(standard Geneml Riidio 
spacing). The wire should 
be bare to eliminate both 
the extra capacitance intro- 

Figure 1. The accuracy to which the 
calibration of a Type 722-D Precision 
Condertser (shown at right) con be 
specified depends to a considerable 
degree upon the errors discussed in 
this article. 
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duced by the insulation, whose dielec¬ 
tric constant is greater than unity (3 
perhaps), and the added dielectric loss 
in this insulation. The wire should be 
of small diameter because its capaci¬ 
tance varies as the logarithm of the ratio 
of its diameter to some other length, 
spacing of the wires, or distance to 
ground. Precision condensers are two- 
terminal capacitors with one terminal 
connected to the panel and shield. One 
of the connecting wires is, therefore, 
connected to the panel and to ground. 

There are three types of capacitance 
involved: capacitance lietween the two 
wires, capacitance between the high 
wire and the panel, and capacitance 
between the high wire and ground. The 
calculated values of these three capaci¬ 
tances are 0.22 /i/xf, 1.07 MMfi and 0.79 tinf 
respectively. They are, how'ever, by no 
means additive. The grounded wire 
shields the panel so that part of the ca¬ 
pacitance to the panel is transferred to 
the grounded wire. Similarly, part of the 
capacitance to an infinite ground is 
transferred to the panel which is shield¬ 
ing it. The actual total capacitance is 
1.19 nnf. This is certainly not negligible 
when measuring ca|)acitances of 1000 pAif 
or smaller. 

It should then be sufficient, when con¬ 
necting two capacitors in parallel, to 
add the capacitance of the added capac¬ 
itor and the connecting wires. Pnfor- 




Ftgur* 3. The stray capocitonces C, ond C* produce 
errors in the measurement of the unknown copocitor C«. 


tunately, the latUT, as indicated above, 
i.s not a constant for a given pair of wires, 
but depends greatly upon the distance of 
the.se wires to all grounded panels and 
hence on the size and sliape of the added 
capacitor. It is, therefore, usual in sub¬ 
stitution measurements to keep the leads 
connected to the standard capacitor 
with the unknown in position and with 
its grounded terminal already con¬ 
nected. The high lead is in position and 
just not touching the high terminal of 
the unknowTi. Such a dis}x>sition of a|>- 
puratus is shown in Figure 2. Having 
made a sufficient measurement, such as 
balancing a bridge, for this condition, the 
unknown capacitor is connected into 
circuit and the second balance made. In 
this manner the effect of the lejids is 
taken into account, for this should be the 
same in both measui*ements. It appears, 
however, that the capacitance measured 
(lepfMids upon the original .s(»panition of 
the high lead aiul the high terminal of 
the unknown. 

Figure 2. This fine wire connector, by means of which 
Curve A of Figure 5 was obtained, b used in calibrating 
all preebion capodtors in our laboratories. An older type 
of connector b shown leaning against the copocitor 
cabinet ond produces o much greeter error as shown in 
Girve B of Rgure 5. 
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Figure 3 illustrates the various capac¬ 
itances which enter the problem. For 
the first measurement the high lead has a 
total capacitance Cg to ground and a 
capacitance C* tu the high terminal of 
the unknown capacitance C„ both of 
thes(‘ capacitances corresponding to a 
certain separation h. The total capaci¬ 
tance of the system is 


C-b Cg 4- 


CkC, 
Ch -b C* 


The high lead is then brought into 
contact with the high terminal, making 
/i = 0 and C* = 00 . The standard con¬ 
denser is then changed to a capacitance 
C' such that the total capacitance of the 
system is the same as before. The 
change in capacitance AC of the 
.standard capacitor is 


AC = C, -f AC, « Ck 
C hC 

where C* is written for — - * - 

t. A -b C, 


l>ecause 


^ in general Ck is ver>' small comi>are<l to 
C,. Other observations are then made for 
different di.stances of sei>aration h, and 
the capacitance changes AC plotted 
against /i, as shown in Figure 4. If in 
moving the high lead over the distance 
A, the ground capacitance C, d()e8 not 
change, i.e., AC, = 0, the plot of AC 
against h will have a horizonal asymp¬ 
tote, which is the true value of C,. Even 
under the most favorable conditions, 
there will be some change in this ground 
capacitance as the spacing h is changed. 
If the high lead is a fine wire and is kept 
a considerable distance from all grounded 
surfaces, the change in C, will Ijeapprox¬ 
imately a linear function of h. 'Fhe plot 
of Af * will then have a slanting asymp¬ 
tote whose intercept is the value of C 
The finer the wire and the greater the 
clLsUince to ground, within limits, the 
more nearly horizontal is this asymp¬ 
tote. For a large wire near the grounded 


panels the change in C, is such that this 
plot of AC has a maximum and changes 
by such a large amount that it is im- 
}X)88ible to draw an asymptote. 

Observ ations made wit h a Type 716-A^ 
Capacitance Bridge on a Type 722-D 
Precision Condenser are plotted in Fig¬ 
ure 5. Curve A was obUined with the 
connector shown mounted on the bridge 
in Figiue 2. The fine steel wire is kept as 
far from the grounded panels as possible 
and is raised by means of a cam which is 
mounted on the triangular support. The 
slanting asymptote is well defined and 
gives a value of 99.13 for the capaci¬ 
tance of the unknown capacitor. The 
curve has this value for a separation h of 
}4 inch. Hence, with t his connector and a 
Jij-inch separation, it should be possible 
to measure capacitance within iO.Ol 
MMf. Curve B was obtained using the con¬ 
nector which is shown leaning against 
the precision capacitor. t)nly the v’erti- 
cal rod moves, and its capacitance to 
ground should change only slowly. The 
supporting bar is, howev^cr, wide enimgh 
to shield the nxl and cause I he ground 



Ftgurm 4. Th«or 0 ticolly, Hm in 0 O»ur«d capocifonc« of on 
air copodtor plotted os o function of the distance h 
shown in Figure 3 has either a horizontal or o slonfing 
osymptofe. 

capacitance U) change rapidly as the hkI 
is raised. Hence all measured values of 
AC are low, and no asymptote can be 
drawn. The panel of the precision capac¬ 
itor was next depressetl 5 inches and 

• The ourreot model ie Ttfz 7l«-C dewnlwd in Ibe April 
iMue of the BrperimmtUr 
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Figure 5. Different types and orrongements of connec¬ 
tors produce differently shaped pbts of measured 
capacitance against the distance h. Curve A, taken 
with the fine wire connector of Rgure 2, is the only one 
of the four curves which has a weil-deffned osymptote. 

Curve C obtained. This shows a great 
improvement over Curv^e /^, but the 
slanting asymptote is not easily defined. 
The eritieal separation h is inches. 
Curve f) was obtained with No. U3 par¬ 
allel wires at the same height from the 
panel as the hole in the terminal. There 
is no possibility of drawing an asymp¬ 
tote. ami the critical separation is only 
0.1 inch. 

d'he fine wiiv conne<*tor is now used f(»r 
all accurate cnfwcitance measurements 
in the (ienenil Hadio testing laboratory. 
The critical separation of inch Ls al¬ 
ways obtained by adjustment of the 
height of the high teiTninal and the cam 
then used to make fpiick connection or 
disconnection. ()bservation.s can re- 
])eated to 0.01 ^^^band to 0.02 ^lgf even 
when the capacitors are removed and 
then reassembled. Different types of ca- 


pacitoi’s, both standard aiul unknown, 
can affect the value of the critical sepa- ^ 
ration .so that 0.1 /iMf i*? at pre.sent set as 
a consei’vative error. 

There are, of coui*sp, many ways of 
connecting cajxicitors in parallel so that 
their capacitances adfl with only slight 
error. Type 500 C’ondensers are built to 
be stacked one on top of another. Plugs 
projecting downward fnnn the terminals 
fit into the jack tops of the terminals be¬ 
low. The plugs adil a capacitance of 
about 0.5 M/xf- The error from stacking 
in this way is less than 0.01 

Wdien the power fa(*tor of a capacitor 
as well as its capacitance is to be meas¬ 
ured, e.xtra care must be taken to keep 
the (contact resistance of the connections 
low. The equivalent .series resistance of a 
capacitor varies inversely both as the 
capacitance and as the fie<|uency. lOven 
at a frequency of 1 kilocycle the re¬ 
sistance of a 1 capacitor of power fac- 
tor 0.(KX)5 is only 0.08 ohm. The use of 
plugs and jacks under the.se circum¬ 
stances is questionable. 

In the most precisf* work the capac¬ 
itor is |)rovided with a third terminal 
connected to guard electnwies nr to 
the shield from which the main ter¬ 
minals of the capacitor are now in- 
sulatefl, and the bridge is provided 
with a guard circuit to which the 
extra terminal is connected. Hy these 
devices the connection capacitances 
and their power factors are removed 
from the direct measurement. 

— Robert F. Field 


VARIAC OVERLOAD PROTECTION 


The prol)lem of overload protection 
for \’ariac auto transfonners is greatly 
«*omplicat(*d by certain inherent (and 
desirable) Variac characteristics. These 
are the ability of Variacs safeh' to 


withstand comparatively heavy ovct- 
loading for short ])eriod.s (as in motor 
starting or lamp circuit inrush) and 
the variation of copper loss with brush ^ 
position which permits a substantial 
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increase in allowable loa<I currents at, 
or near, zero or line voltage settings. 

Short-term overloads are permissible 
because of the thermal inertia inherent 
in Variacs, as in any device having 
appreciable mass and gixnl thermal con¬ 
ductivity. The excess heat releasetl in 
the overloatl peri(M| is quickly dis¬ 
tributed throughout the structure and 
absorlKHl so that excessive tempera¬ 
tures will not l>e reachiHl in a short 
time. This is a most important con¬ 
sideration for the user as it means that 
his Variac rating nee<l not lx* increased 
in i>rder to handle starting or surge 
conditions normally encountered. 

Obviously, the use* of a protective 
device incapable of passing .safe shorU 
term overloads would unduly limit th(‘ 
usefulness of a Variac. This* then, 
prechides the use of fuses (even “slow- 
lilow” t>ix^) if the fullest use of the 

^ Variac is to l>e reidiztMl, and calls fr»r 
. . . 
the timiM'urrent integiating tyiK* ol 

(irotector which automatically allows 

short-term overloads within the safe 

limits of Variac o|K‘ration. 

The variation in allowable loa<l cur¬ 
rent poses a still more difficult prob¬ 
lem, and one for which we have no sat¬ 
isfactory tmiversal solution. If full 
advantage is to be taken of the maximum 
allowable load current, the protective 
device cannot Iw expectetl to function 


where the allowable current ctirve drops 
to a minimum. Here, then, is a con- 
<lition that calls for the exercise' of 
judgment on the part of the user, who, 
being familiar with the requirements to 
l>e met under his sc'rvice conditions, 
can l>est decide whether to provide 
maximum iinitectioii at the siicritice of 
increased curnuit draw for some settings, 
or to sacrifice some protection in the 
interest of being able tx) obtain maxi¬ 
mum current. 

Several protective devices of the 
necessar>^ time-current type arc com¬ 
mercially available. Of these, the 
magnetic-trip delayed-action circuit 
breaker, made by the Ileinemann C’ir- 
<aiit Breaker C’o., Trcaiton, New Jersey, 
sf*ems most efficient and reliable. 

Since the vast majority of Variac 
ns<*rs do not employ protective devices, 
the diiect incnr])oration of a protec¬ 
tive <le\ice int<» \'aria(*s seems uneco¬ 
nomical in view of the increased cost 
that would result. 

Ileinemann Breaker No. (MIITS is 
recommendcHl for all pix»sent pYtKluctioii 
\*ariacs, and may l)e obtaimnl in all 
values of either mted or maximum cur¬ 
rent over the range ie(|uire<l. Maximum 
protection to tlic Variac will be pro¬ 
vided by connection of tliis breaker in 
scries with the brush lead. 

Gilbert Smiley 


METER CALIBRATION WITH THE VARIAC 

One of the many uses of the Variac The circuit of Figuie 1 is used for 
is in supplying c^ilibrating voltages and current calibrations. The source is a 
currents for electrical indicating in- <iO-<*ycle generator, although, if onli- 
.stniments such as voltmeters, am- nar>’line voltage variations can be toler- 
meters, and wattmeters. The accom- ate<l, ordinary a-<’ lint's can Ixj used, 
panying diagrams show a circuit for a-c Variac No. I is ust'd to adjust the 
instnimeiit calibration used by Professor current to give full-scale reading on 
R. M. Marshall of Purdue University, the instrument to l)e calibratetl, which 
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18 connected between the db tenninal 
and the terminal most nearly represent¬ 
ing the full-scale value. With Variacs 
No. 2 and No. 3 set at miiximum, 
No. 1 is adjusted until the instniment 
reads full scale or slightly beyond. Zero 
deflection then corresponds to the zero 
settings of No. 2 and No. 3. The full 
range of Variac No. 2 then covers the 
range of the instrument from zen) to 
full scale. Variac No. 3 changes the 
current l/20th as fast as No. 2. The 
range and precision of control in terms 
of full-scale deflection are thus the 
same, regardless of the instrument 
impedances. 

Two current transformers are used 
so that all tests can be made in terms 
of a S-ampeie standard instrument. 
Each current transformer lias sevenil 
ranges. The standard instmment can 
lie conniM:ted to one of the instrument 
transformers or directly in series with 
the meter under calibration. The trans¬ 
formers must lie shorted as shown, if 




they are not connected to the standard 
instrument. The seven resistors are used 
to stabilize the circuit and to bring the 
current more nearly into phase with the 
line voltage. This arrangement gives 
appro.ximately 100% power factor for 
wattmeter tests. 

The potential circuit of Figuie 2 
operates in a similar manner. The two 
terminals provided take care of all 
instruments rated up to 150 volts. For 
higher voltages an additional trans¬ 
former can be inserted at the points 
where links are shown. The standard 
instrument is connected in parallel with 
the instrument under test. 

A groimded connection between the 
current and potential circuits is provided 
as shown in Figure 2. When a wattmeter 
is being tested, the potential terminal 
leading to the multiplier should be 
connected to the 150-volt terminal 
rather than to the + terminal, in order 
to avoid a high potential between the 
wattmeter coils. 


Rgure I. Circuit for current collbrotions. 
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ASK FOR THIS TAG 

BEFORE RETURNING EQUIPMENT FOR REPAIR 


Instruments are often retunied to 
us with purchase orders specifying 
“Repair.*' We then thoroughly recondi¬ 
tion the instniment^ and recalibrate 
them to the same laboratory testing 
specifications that are used for newly 
manufactured equipment. Occasionally, 
after receiving the repaired instrument, 
the customer will report that the in- 
.strumcnt still exhibits the same erratic 
fault or intermittent operating defect 
that occasioned the original return, and 
it is necessary to send the equipment 
back a second time. 

To prevent this, we have been spend¬ 
ing a greiiter than normal time in test¬ 
ing repaired instruments. Only in this 
way can we be sure of catching tlefects 
that would not occur in new instniments. 
Such a procedure, as records show, in¬ 
evitably increases repair costs, and 
the charges billed to the customer are 
often as much tis 10% greiiter than 
normal. Much time and money can 


obviously l>e saved if we know when 
the instrument is returned exactly 
what is wrong with it. 

Consequently, we are now retiuesting 
that our new returned-material tag be 
attached to all returned instniments. 
Before returning equipment to us, please 
write for this tag, which gives shipping 
instructions and has space for describ¬ 
ing the conditions tliat neeil correction. 
There will be a delay in handling re¬ 
turned equipment unless tliis tag is 
attached. Material returned for credit 
or replacement rnnnot. be accepted un¬ 
less we authorize it by issuing a returned- 
material tag. 

Please cooperate with us in speeding 
up the handhng of returned e< 4 uipment 
by using this tag. The type numbers and 
serial numbers of the instniments to be 
returned should be specified when you 
request the retuniwl-material tag from 
our Service Department. 

— II. fl. Dawes 


RETURNED MATERIAL TAG N9 252 



R<uiirDed by ..... 

Address 

Type No.... Serial No. 

Describe difficulty .... 


Dcsc... 


If siNicc i» Dol adequate, oae lupplementary aheel and attach 
Returned for Reconditioning Q Purchase Order...... 

Returned for Credit Q IrnpOTUtnt: Please follow shipping 

..— □ 


instructions on reverse side 


SERVICE DEPARTMENT roNM im 

General Radio company, 275 Massachusetts ave.. Cambridge, mass. 
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MISCELLANY 


TIIK AKTIC'LE on *‘CV>iinectit)n 
Errors” hy li. F. Field is reprinted with 
minor clmiiKes frtmi the .January, 1938, 
issue of the itJxperimcnler. If has he(Mi 
out of print for several ye:ii-s, and we 
have had lat(*ly a oonsiderahle demand 
for it. 'Fhia article is still timely, per¬ 
haps moi*e so now tlian when originally 
published. 

The 'rYi»K 722 l*re<*ision ('ondenser is 
the accepte<l standaixJ of capacitance 
for the radi<» and electronic industries. 
'I'o realize fully its inhei-ent accuracy, 
tin* niet!hanism of connection is impor¬ 
tant. The metlaxl i-ectomniended here has 
been usmhI in the Standardizing Labora¬ 
tory at the (icneral Radio Company 
for a number of years. 

'I'wo other articles of importance to 
those* iiilen»sted in capacitance measure¬ 
ment and standardization will U; pul>- 
lishe«l in the next few months. One of 
these will concern the accuracy of the 
Tyi'k 722 Precision C’ondenser, and the 


other will dis<*uss the* projectiMl change 
from the current international values 
of eUH'trical units to the new absolute 
values. 

TECHMCAl. PAPERS “The 
I^^valuation ainl (’ontrol of Noise,” by 
Ivan (i. Easton, at the Annual Safety 
(Convention of the Oreater Xew York 
Safety Council, March 27; “Measure¬ 
ment and Analysis of Sound and Vibm- 
tion,” by William R. Saylor, at the April 
8 met‘ting of the Ont nd I ndiaiia Section, 
Instmment Society of America, at In¬ 
dianapolis; “Design of an F-M Monitor,” 
by (’harles A. (’ady, at the Chicago I.R. 
10. Conference, April M); “Recent De- 
velopmentsin lnstnimentation,”by Ivan 
Cl. Easton, at tln^ April 21 meeting of the 
Mea.surements Section of the A.I.E.FL, 
Philadelphia; “(’urn*nf-'rime Curvf»s in 
Insulation Re.sLstance Measurement,” 
by Roljert F. Field, at the Northeastern 
District Meeting, .V.I.E.E., Worcester, 
Massachusetts, April 23. 
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